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Introduction

• The IAEA held its first symposium on nuclear desalination 
at Madrid 1968.

• The IAEA renewed its activities on nuclear desalination in 
1989. 

• The IAEA published a report assessed the need for 
desalination and the most promising desalination 
processes and energy sources, including nuclear systems 
proposed by potential suppliers in 1990. 

• In 1991-92, a generic investigation was conducted on the 
technical approach and the comparative cost for utilising 
nuclear energy with various state-of-the-art desalination 
technologies. 

Following successive general conference 
resolutions:
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Introduction

• An essential outcome of the IAEA’s studies was the 
development of a methodology for preliminary economic 
evaluation and comparison of various energy source 
options to be coupled with different seawater desalination 
processes. 

• The methodology included cost and technical performance 

models of several types of nuclear and fossil energy 

sources as well as seawater desalination processes.
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Introduction

• At IAEA’s request, the “Co-generation and Desalination 
Economic Evaluation” Spreadsheet,  CDEE was developed 
by General Atomics under contract.

• CDEE was converted into a more user friendly software, 
called DEEP with the possibilities for : 
• 1- Preliminary economic evaluation  of desalination by a 

wide range of fossil and nuclear energy sources, 
coupled to selected desalination technologies.

• 2- Feasibility studies of nuclear desalination 

To be used by designers and decision makers
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Introduction

It is a spreadsheet tools ( based on linked Microsoft Excel 
Spreadsheets: Case, Comparative Presentation, and Control 
files)

DEEP has been widely used within the nuclear & conventional 
desalination community.  It is now an international reference 
code for desalination
Efforts have been made to expand its scope over the years.
DEEP is oversized & in need of thorough review.
Recent efforts have been made to “upgrade” it with contributions 
from the “ DEEP Users Group”.
Specific changes were proposed during RCM-2 of CRP-2.
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Introduction

DEEP 
is not intended for precise calculation of the cost of either  
potable water or electricity, nor as engineering or design tool for 
detailed design.

To be used to provide guidance for strategic analysis and 
generic studies

DEEP is based on empirical performance and cost models 
which are valid for certain ranges of input parameters ( in 
particular unit sizes of power and desalination plants, Ro 
feedwater temperature and salinity)

Role of thump: Analysis should be kept within 10-20%
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Inherent Drawbacks of DEEP

1. Inherent assumptions and limitation on the models 
will result in approximate results.

1. Total construction costs of the power plant are 
calculated in DEEP on the basis of specific 
construction cost which is user input value.

Simplified models and correlations for Power Plant Calculations
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Inherent Drawbacks of DEEP

1. Method of calculating power plant operating
availability from “planned and unplanned outage 
rates” is based on the plant either out of service or 
operating continuously at full power over the rest of 
the year.

2. Calculation of net saleable power plant coupled to 
MED is based on the adjusted power level ( to 
account for the steam conditions of MED) 

Simplified models and correlations for Power Plant Calculations
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Inherent Drawbacks of DEEP

1. Capacity of Desalination plant is made of smaller 
units ( multiples of 12000 m3/d). 

2. Water plant costs are calculated on the basis of “
base unit cost” with introduction of correcting factor 
for #s of units.

3. DEEP is not suitable to calculate the beneficial 
effect of spiral wound membrane performance 
characteristics in RO case, or the lower water cost 
for the preheated feed water.

4. Absence of recirculation stages in the MSF process.

Simplified models and correlations for Desalination Plant Calculations
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Drawbacks of DEEP (corrected in DEEP-3)

1. Clear distinction between backpressure & 
extraction steam cases (Lost shaft work 
error-prone) was needed.

2. Levelized electricity cost calculation
did not properly account for the penalty 
effect introduced by the desalination unit.

3. The “minimum maximum brine temperature”
calculation was questionable.
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Drawbacks of DEEP

4. The number of effects/stages was an 
important distillation design parameter, 
but was not left at the user’s disposal 
for input.

5. The RO performance curves needed a 
major overhaul.

6. Many constants dispersed in the code 
are still unnecessarily hardwired and in 
need of validation.
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Drawbacks of DEEP

7. Advanced reactor design concepts, which are 
relevant to nuclear desalination, are not included as 
built-in models.

8. The presentation of the user interface (input/output) 
does not seem to make a clear distinction between 
important & less-important parameters. The user is 
left with a false sense of program control.

9. The documentation is in line with the above.
10. Error checking is minimal ( the user is cautioned to 

check for the accuracy of his input data)
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Main functions of DEEP

• DEEP main calculation sheet  supports both 
nuclear and fossil power options.

• Supports dual and single purpose power 
plants.

• Supports distillation processes MSF, and 
MED, and RO as stand alone models or 
hybrid systems.
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The Various energy options considered in DEEP

Co-generation plantSmall PWRSPWRNuclear11

Power plantDieselDFossil10

Power plantGas turbine modular helium reactorGTMHRNuclear9

Heat-only plantBoiler (steam or hot water)BFossil8

Heat-only plantHeat reactor (steam or hot water)HRNuclear7

Co-generation plantCombined cycleCCFossil6

Co-generation plantOpen cycle gas turbineGTFossil5

Co-generation plantSuperheated steam boilerSSBOGFossil oil - gas4

Co-generation plantSuperheated steam boilerSSBCFossil – coal3

Co-generation plantPressurised heavy water reactorPHWRNuclear2

Co-generation plantPressurised light water reactorPWRNuclear1

Plant typeDescriptionAbbreviationEnergy sourceRC

Desalination is an energy-intensive process
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The desalination processes considered in DEEP

Multi-Stage Flash with Reverse OsmosisMSF/RO

Multi-Effect Distillation with Reverse 
Osmosis

MED/ROHybrid

Contiguous Reverse OsmosisC-RO

Stand-Alone Reverse OsmosisSA-ROMembrane

Multi-Stage FlashMSF

Multi-Effect DistillationMEDDistillation

DescriptionAbbreviationProcess

Desalination requires LOW-TEMP steam for distillation and HIGH-PRESS pumping power for RO
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DEEP sample input and output – part II
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Case input form
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DEEP edit input data
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DEEP result
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Improvements ( some have already been made or under consideration)

1. Proper calculation of lost shaft work & 
levelized electricity cost. 

2. Clear distinction in the code between 
extraction & back-pressure systems. 

3. Minimum maximum brine temperature 
calculation are cleared out.

DEEP 3.1 includes very simplified models for Water transport cost and Carbon Tax
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Improvements ( some have already been made or under consideration)

4- Design parameters such as the number 
of effects/stages and temperature range to 
user input has been modified. 

(Minor correction to GOR correlations)
Result: easier estimation of GOR, steam 

flow & its temperature/pressure 
conditions. 
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Flow chart of the overall DEEP



2007-06-12Oarai 16-19 April 2007 24

Thermal performance model

GOR Calculation

Flow/Pumping Power Calculations

Lost Shaft Work

GOR Calculation

Flow/Pumping Power Calculations

Lost Shaft WorkCalculated ( for Heat only case=0)

Two Options: 

Specify GOR ( designer), Estimate GOR ( Analyst)
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Improvements ( some have already been made or under consideration)

5. Updated RO performance data where
Feed is characterized by salinity,  temp. & 
pressure.
Permeate is characterized by  flux, salinity & 
recovery ratio.

6. Validation of all hardwired data. 

Validation of DEEP using recent operational 
data (power & water) is needed.
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RO performance model

Recovery ratio estimate

Product flow & quality estimate

Feed flow & pressure estimate

Pumping power requirements

Recovery ratio estimate

Product flow & quality estimate

Feed flow & pressure estimate

Pumping power requirements

User: either specify, or estimate RR
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Improvements ( some have already been made or under consideration)

7. Upgrade & validation of built-in heat source 
models (nuclear & non-nuclear).

8. Consolidation of input/output sheets. 
Separation of important from less-important 
parameters where the user is given the level 
of control is needed.

9. Upgrade the DEEP documentation.
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Conclusions

• Deep is suitable for feasibility studies of nuclear desalination ( not as a design 
code)

• Upgrade of DEEP is a continuous process as the cost parameters of both 
nuclear reactors and desalination processes are changing with time (due to 
numerous innovations in the technologies).

• New development is made ( DEEP3.1) and further ones will be made (some 
soon).

• More and more scientists/ engineers and researchers (including some 
commercial firms) from various countries are using DEEP for cost estimation of 
desalination plants using nuclear/ fossil energy sources. Therefore, Benchmark 
of DEEP is needed.

• DEEP has been and still be distributed by the IAEA free of charge. Any 
comments or feedback is most welcome.
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Announcement

New CRP on
“Advances in Nuclear Power Process Heat Applications”

Big remark:
Only research Agreements will be accepted (No money)

Info sheet is available at the Conference desk
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THANK YOU


